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TOM TAT

Bai bdo dé xudt phwong phdp tinh pha hiéu chinh trong ham tan”', dya trén thudt todn
khuéch dai khéa tan (LIA) ciia giao thoa ké homodyne cé diéu bién tan s6, nham do dich chuyén véi
do chinh xac nanomet. Pha chwa hiéu chinh bi anh hwong boi su thay doi cua ti s6 cac ham Bessel
do su thay déi ciia chi sé diéu bién m theo dich chuyén gwong. Phirong phdp méi logi bé ti so Bessel
trong tan™, gitip tinh pha chinh xdc hon. So véi cach tinh trude, pha hiéu chinh cho sai s6 nhé hon

dang ké va hé tro do heong chinh xdc véi dé phan gidi dwedi 1 nm.

Tir khéa: Giao thoa ké homodyne diéu bién tan so; Po dich chuyén nhé; Khuéch dai khéa

tan; Pha tinh hiéu chinh trong ham tan’".
ABSTRACT

The paper proposes a phase correction method in the tan” function, based on the lock-
in amplifier (LIA) algorithm in a frequency-modulated homodyne interferometer, for nanometer-
precision displacement measurement. The variation of the Bessel function ratio caused by the
change in the modulation index m as the mirror moves affects the uncorrected phase. The proposed
method eliminates the Bessel function ratio in the tan” calculation, enabling more accurate phase
estimation. Compared to the previous approach, the corrected phase yields significantly lower error

and supports sub-nanometer-level high-precision measurements.

Keywords: Frequency-modulated homodyne interferometer;, Small displacement

measurement, Lock-in amplifier; Uncorrected phase in the tan function.
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1. GIOI THIEU

Giao thoa ké mot tan s6 homodyne véi
k¥ thuat diéu bién tan sd/pha dugc sir dung rong
rdi trong cac hé do giao thoa dich chuyén nho
nho do nhay cao, dai do rong va do tuyén tinh
t6t [1, 2]. K¥ thuat diéu bién tan s6 song sin 1a
mot Gng dung dién hinh trong k¥ thuat phat va
thu thong tin trong giao thoa ké. Hé thong giao
thoa nay da phat trién manh mé trong céc linh
vuc do do dich chuyén, rung dong, dia hinh bé
mit,... nhd cau hinh don gian, do chinh xac cao
va kha niang mién nhiéu tét d6i véi cac nhidu
quang hoc ciling nhu dién twr [3, 4].

Trong k¥ thuat diéu bién tan sb véi giao
thoa ké homodyne do dich chuyén, ky thuat
khuéch dai khoa tan LIA ding dé tao cap tin
hiéu hai chin va 1 tir tin hiéu giao thoa I. Biéu
dd Lissajous tir cap tin hiéu hai nay sé& xac dinh
su thay d6i pha trong I do dich chuyén guong
do. Trong nghién ctru trudc, pha trong tan'cia
cap tin hiéu hai khong chinh xac do coi ti sb
cip ham Bessel trong tan! 13 hing sé v6i chi
s6 diéu bién m cb dinh [5, 6]. Thuc te m thay
doi theo dich chuyen guong nén ti sd cip ham
Bessel thay d6i. Tan! cua pha dung khi ti sd
Bessel tién toi 1. Tan!' s& khong chinh xac va
c6 131 khi ti s6 cap ham Bessel ra xa 1. Diéu
nay gi6i han phép do dich chuyén chinh xéac ¢
khoang cach do dac biét.

Trong bai bao nay, phép tinh pha do
ham ‘[an1 duoc hiéu chinh bang ky thuat loai
b6 ti s6 cap ham Bessel. Phuong phép nay co
thé tinh dung ma khong bi phu thude vao ti 5O
cap ham Bessel tién ti 1 hay khong. Cach tinh
nay mo rong hé do véi cac khoang cach do tuy
y ma khong phu thu¢c vao m va nang cao do
chinh x4c phép do. Két qua mé phong cho thay
pha tinh hiéu chinh c6 sai s6 10 rad trén ving
do 125 rad, twong ung sai s twong ddi 107"
trong diéu kién 1y tuong. Trong tuong lai, k§y
thuat tinh pha hiéu chinh s& duoc kiém tra trén

hé quang thuc dé ning cao d6 chinh xac trong
phép do dich chuyén nhé t6i 1 nm.

2. HIEU CHINH PO PHA VA DICH
CHUYEN TRONG GIAO THOA KE
HOMODYNE PIEU BIEN TAN SO

Hinh 1 mo6 td nguyén ly h¢ do. Mot
nguon laze di-6t khoang cong hudng ngoai
ECLD duoc dung ngudn sang véi tan sb duoc
6n dinh theo ciu tric siéu tinh cua L. Tan s
anh sang tr ECLD duoc diéu bién nhor diéu
bién dong bom ctia dau laze theo dang song sin.
Tan sb goc cia ELCD duoc biéu dién:

o(t) =w,+Aw, sin(w,t) €))

Trong do o, (= 2xf), o_ va Ao (—
2rAf ) 1a tan sd goc ban dau cua ELCD fAn sO
goc va bién do diéu bién tuong tng. Anh sang
sau khi di qua loc sang ND s€ tach thanh hai
nhanh nhd bo tach chum BS2, mot téi guong cd
dinh FM va mdt téi1 guong do MM. Sau do, ca
hai quay lai gdp nhau tai BS2 tao ra giao thoa.

———————————————————————————————————————
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Hinh 1. So' d6 nguyén Iy giao thoa mét tan sé
(homodyne) va ky thudt diéu bién tan sé do dich
chuyén: ECLD - Laze di-ot khoang céng huwéng
ngoai; 1S - Tém cach ly; BS - B¢ tach song; STM -
Guong ban thau; FM va MM - Guong cé dinh va
guwong do twong vmg; ND - Tam giam cuong do;
APD - Cam bién.
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Cam bién quang APD chuyén anh séang
giao thoa ra tin hi¢u dién va t61 bo xur 1y tin hi¢u
dwa trén nguyén 1y khuéch dai khoa tin (LIA).
I dugc biéu dién:

[ =DC+2Acos(msinw,t+®@), (3)

Trong do, DC, 2Ava @ lan luot 1a thanh
phan mét chiéu, bién d6 va tong pha.

Pha @ duogc tinh:
Axn. Axn.
D= H;‘“’" L= T i (La + AL ), 4)

Trong do: L, L, AL, A, van_ lan luot 1a
do 1éch khoang cach di gitra hai nhanh, do dai
khong can bang, do dich chuyén cua guong do
MM, budc song anh sang trong chan khong va
chiét suét ciia khong khi. Khai trién theo ham
Bessel va str dung ki thuat diéu ché khuéch dai
khoa tan LIA, hai bac hai (x(2w_) va bac ba
(y2o,) suy tu tin hi¢u I la:

x(2e,,) = Acos(D)J,(m),
¥(3w,) = —Asin(®).J; (m), )

Pha ® duoc tinh nho ham tan™! nhu sau:

@:tan_l{ Y3, J(m)] ©

xQew,) Ji(m)
Tuy nhién, hé s6 diéu bién m dugc tinh
nhu sau:

4nAf,n,, (L, +AL)

(65

M=

; (7

Trong do, c 1a van toc anh sang ¢ chan
khong.

Tu (6) va (7), J,(m)/J,(m) thay ddi theo
AL nén @ trong (6) khong tinh dugc. Thuc té,
®, chi dugc tinh gan dung trong (6) khi J./J
khong do6i voi m, = 4nAf n L /c co dinh. Do
do tinh pha hi¢u chlnh 0N nho khu J,/J,. Viphén
Xvay:

a x =—Asin(P)J, (m) % D,
8)

d d
— y =—Acos(®)J,(m) —.
P

Tinh thuong Q cuta céc tich:

Pha hi¢u chinh ®_dugc tinh:

yG@a,)
x2w,)

D, = tan"l[

Sai sd AD 1a:

W82) Ll g an
x(2w,) J;

x(@)] (10)

Ad):tan'l{—

Trong do, J./J, 1a hang s.

3. THUC NGHIEM MO PHONG VA KET QUA

T =

& =—Dich chuyén 1y tygomg
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Hinh 2. Dich chuyén va tin hiéu giao thoa I Iy
tuwong trong mo phong

Céac thong tin dau vao s& dugc mod
phong s6. Gwong MM duoc dich chuyén theo
song tam giac trong 2 s v6i tan sd 1 Hz va bién
d6 6.33 um. Pha duoc bién d6i theo (4). Cac
thong tin c6 ¢ bang 1.
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Hinh 3. Cac tin hiéu hai mo phong tir phuong
trinh (5): (a) Bién do cac hai, (b) va (c) hai
bdc 2 va 3 tw giay 0.45 den 0.65 trong (a) va

(d) dwong tron Lissajous

1%

Bdng 1. Cdc théng sé dau vao cia giao thoa

ké dwoc gid ldp
Sy pm phan mot | DC=2V
song tam Tan so chidu DC
giac AL | song 1 Hz
Thoigian | t=0-2s, BiendoA  A=1V
t dt=1ms
Khoang _ Diéu bién m,~
cichL, | Lo~ 4m m, 0.0503
Chiét suat 3 Budc song | A =633
n. =1
air " >\' nm
diTé‘;‘lani‘én f =300 | Vantéc | c=10¢
¢ kHz anh sang m/s
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Dich chuyén va tin hiéu giao thoa I Iy
tuong voi cac thong sé trong bang 1 duoc mod
ta trong hinh 2. Dung thuat toan LIA, cac thanh
phan hai bac hai xQo ) va hai bac ba x(3w_ )
dugc tao ra. Hinh 3 bicu didn cac tin hi€u hai
md phong bang phuong trinh (5). Bién do hai
bac 3 nho hon rat nhiéu so v&i bién do hai bac
2dotisd] ,(m)/J(m ) = 0.0084 rat bé, tlen gan
t61 0 (hinh 3(b)) Puong tron Lissaj ous gan nhu
hoan hao trong hinh 3(d). Cac pha gém pha ly
tuong @, trong (4), pha tinh ®@_trong (6) voi I,/
J,=0.0084 va m = 0.0503 va pha tinh da hi¢u
chinh ®_ trong (10) s&€ dugc so sanh véi nhau
trong thoi giant=0-2s, dt=1 ms.

Thay i s (rad)

40 —Fha I hreng
Phatinh
Pha ginh & bedu chind

@ 2 (T T [(E] 1
Thei giam =)

(@)

=P | neimg
=P timhy
=Pt tinh & hifas chink

ind n4s s [ 11 ] LIT ]
Thir gian ()

(b)

—Fha tinh - pha ¥ lumy
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F 319508
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(d)
Hinh 4. So sanh cdc pha tir két qua mé phong: (a)
va (b) @, ®,va @, trong 2 s va tu gidy 0.4 den 0.6,
(c) va (d) sw lech pha @, va @, va gitta D,va P

—Pha hidu chinh = pha 1 beimg

Hinh 4 biéu dién so sanh céc pha tir két
qua mo phong. Cac pha @ trong (4), @, trong
(6) va @_trong (10) duoc so sanh véi nhau.
Lbi dich bac (step-shift error) cua thay d6i pha
trong ®_dugc tim thy khi J/, tién t6i 0 (hinh
4(a) va (b)) Su sai léch pha gitta @ va ®_va
gitta ® va ®_dugc thay trong hinh 4(c) va (d)
Do 16i d1ch bac nén sy sai l¢ch gitta @ va @ _1a
16n (trén 4.5 rad), nguoc lai sai Iéch trong mo
phong 1y tudng la khoang 10 rad trén ving
thay d6i pha @, = 125 rad.

Mo rong thi nghiém, 1ap lai cac buéde
danh gia voi cdc m; < 0.2, m, quanh 6.38,9.76,
13.01,... 1am J./J, tlen to1 0, 101 dich bac trong
(6) cho thay rd rang nhat. Cach tinh cii trong (6)
tim @ _va dich chuyén AL cta guong MM trong
giao thoa ké homodyne véi diéu bién tan sb 1a
khong chinh xac. Nguogc lai voi m, = 3.7689,
5.1356, 7.4146, ... thi J N, =1va 101 dich bac
ctia trong (6) rat be gan bang 0. Sai léch gan
pha gitra @ va @ _va gitra ® va ®_tuong duong
vo1 nhau. Cach tinh cii trong (6) 1a chinh xéc.
Do vay, cach tinh tir phuong trinh (6) bi han
ché d6 chinh xac theo m, diéu nay lam giam
kha nang mo rong cac phép do khoang cach tuy
bién. Céc nghién ctru trude [4-6] chi tinh ®_voi
J/J,= 1, khi do @, tién toi ®, va cong thu:c (6)
dung nén khong c6 16i dich bac nay.
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4. KET LUAN

Bai b4o nay chimg minh 156i dich bac
trong k§ thuat xac dinh pha bang thuat toan LIA
trén hé giao thoa homodyne ¢ diéu bién tan sd.
L&i xudt phat tir viée str dung ham tan™ giita cip
tin hiéu hai bac chin va 1¢, v6i gia dinh ti s cac
ham Bessel khong doi. Tuy nhién, khi chi sb
diéu bién m thay doi theo dich chuyén guong, ti
sd nay ciing thay doi, gy sai léch pha. Dé khic
phuc, bai bao dé xuit mot phuong phap hiéu
chinh pha mdi, cho phép tinh pha chinh x4c voi
moi gia tri m, tir d6 giap hé do linh hoat trong
do khoang cach tiry bién ma khong bi gidi han
boi m. Phuong phap nay mé rong ung dung do
luong chinh xac voi do phan gidi dudi 1 nm
va s& tiép tuc duoc nghién ctru trong cac hé do
quang tuong lai.
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